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Design of a Dual Band Antenna for Wireless Communications Utilizing the
Sierpinski Carpet Fractal
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Abstract. This study is focused on the design and presentation of a unique dual band fractal antenna that
incorporates the Sierpinski carpet onto the fundamental rectangular patch antenna. The versatility of this fractal
antenna lies in its innovative design, which makes it suitable for the applications that operate in the C-band and
X-band. The process of producing the Sierpinski carpet involves cutting three squares of different sizes within
the given patch area. The fractal antenna that is suggested is placed on a substrate composed of FR-4 material,
which possesses a dielectric constant of 4.4. Additionally, the antenna has dimensions 35 × 30 × 1.6 mm3. The
antenna that is being proposed for use has been designed and developed through the utilization of the High-
Frequency Structure Simulator (HFSS). According to the simulation results, it can be observed that the fractal
antenna demonstrates the capability of resonating at three distinct frequencies. The frequencies of 4.88 GHz
(-19.88 dB), 9.62 GHz (-15.07 dB), and 10.03 GHz (-26.65 dB) are all characterized by a radiation behavior
that is considered appropriate for the intended application.
Keywords : Fractal antenna, Dual band, Sierpinski Carpet, Wireless communication.

1 Introduction

The progress achieved in wireless communication and
antenna technology has led to the emergence of frac-
tal antennas as an effective solution to meet the demand
for antenna structures that are compact, efficient, and
flexible[1, 2]. The innovative antennas present a pio-
neering methodology to address the difficulties presented
by the progressively growing need for high-speed data
transmission[3], smooth connectivity, and the abundance
of wireless devices[4].
Due to their limited adaptability to emerging commu-
nication standards, traditional antennas, which are usu-
ally designed for specific frequency bands, often face
challenges in meeting the requirements of modern wire-
less systems[5]. However, fractal antennas provide a re-
markable solution through the utilization of the inherent
self-similarity and intricate geometrical patterns found in
fractals[6].
Fractal antennas are the ideal solution for space-limited
applications because their self-similar structures allow
them to be scaled down to miniature sizes without any
loss of performance[7, 8]. Additionally, they present de-
creased electromagnetic interference and heightened sig-
nal reception, elevating the overall quality of wireless
communication[9]. Fundamentally, fractal antennas rep-
resent an innovation in antenna technology[10], expertly
addressing the multifaceted challenges of modern wireless
communication with elegance and efficiency[11–13].
The paper presents a new miniature dual band fractal an-
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tenna that features a Sierpinski Carpet design. An FR-4
substrate with dimensions of 35×30×1.6 mm3 is used for
printing the design. The suggested fractal antenna demon-
strates resonance at three distinct frequencies, namely 4.88
GHz, 9.62 GHz, and 10.03 GHz. The proposed antenna is
discussed in detail in the following sections, with the first
section focusing on its geometry. Continuing with the dis-
cussion, the following section examines the findings per-
taining to the reflection coefficient, input impedance, sur-
face current distribution, gain, and other crucial metrics.
In the last section, the study reaches its conclusion.

2 Antenna design procedure

The suggested antenna design is simulated utilizing the
High Frequency Simulator Structure (HFSS) on a cost-
effective FR-4 substrate material (ϵr = 4.4), with dimen-
sions of 35 × 30 × 1.6mm3. The structure is backed by a
full ground plane. The design initially uses a conventional
patch antenna that comes with a quarter wave transformer
feed line fed through 50Ω. In order to minimize the size
of the conventional antenna, the proposed design employs
the Sierpinski square carpet fractal and involves the cutting
of three rectangular forms. The Sierpinski carpet design
process commences with the removal of a square, with an
edge dimension of 3.6 mm, from the radiating patch cen-
ter. The next procedure is to cut eight squares with an edge
dimension of 1.2 mm around the primary square that was
cut. To create the Sierpinski Carpet, the process requires
the cutting of eight additional squares with an edge dimen-
sion of 0.4 mm around the squares from the previous step.
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The initial design is depicted in Fig. 1a, whereas the de-
sign of the suggested antenna incorporating the Sierpinski
carpet is showcased in Fig. 1b, with the corresponding
dimensions provided in Table 1.

(a)

(b)

Figure 1: Geometric structure of the proffered fractal an-
tenna (a) Conventional antenna (b) Proposed antenna.

Table 1: Suggested fractal antenna parameters

Dimension Value (mm)

WS 30

LS 35

Wg 30

Lg 35

Wp 15.4

Lp 13.6

Wf 0.5

Lf 6.7

Wf 2 3.24

Lf 2 4

3 Results and discussions

The simulation conducted on the designed antenna has
yielded significant findings, which are presented in detail
in this paper. The analysis encompasses important aspects
like the reflection coefficient, surface current distribution,
input impedance, and gain.

3.1 Reflection coefficient

The recommended fractal antenna is created by first de-
signing a basic rectangular patch antenna, which is then
modified through the use of the Sierpinski Carpet to mini-
mize its size. Fig. 2 provides an illustration of the reflec-
tion coefficient of the fractal antenna proposed. Based on
the analysis, the dual band antenna resonates at three sep-
arate frequencies. These frequencies are 4.88 GHz (-19.88
dB), 9.62 GHz (-15.07 dB), and 10.03 GHz (-26.65 dB).
The fractal antenna that has been proposed showcases an
impressive capability of consistently maintaining a reflec-
tion coefficient value below -10 dB across all resonance
frequencies. This undeniably showcases its remarkable
suitability for various applications.
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Figure 2: Simulated reflection coefficient of the proffered
fractal antenna

3.2 Input impedance

Fig. 3) illustrates the input impedance of the dual band
antenna, showcasing both the real and imaginary compo-
nents. The close proximity of the imaginary part to 50 Ω
and the near-zero value of the real part indicate a favorable
behavior in the input impedance.

Figure 3: Simulated input impedance of the prposed frac-
tal antenna

3.3 Surface current distribution

The illustration provided in Fig. 4 showcases the distribu-
tion of surface current at two separate frequencies, specif-
ically 4.88 GHz and 10.03 GHz. The analysis of the figure
indicates that there is a concentration of current at the feed
line, and this concentration plays a crucial role in achiev-
ing a dual band.

(a)

(b)

Figure 4: Simulated surface current distribution of the pro-
posed fractal antenna at (a) 4.88 GHz (b) 10.03 GHz.

3.4 Gain

The antenna gain plays a crucial role in both its coverage
area and directional characteristics. The radiation patterns
of the recommended antenna at a frequency of 4.5 GHz
are depicted in polar plot format in Fig. 5. The patterns
are shown separately in the E-plane (ϕ = 0deg) and the
H-plane (ϕ = 90deg), which is identified as a directional
plane.
Although the fractal antenna size is reduced by the Sier-
pinski carpet’s many slots, this has the undesirable conse-
quence of degrading the antenna’s performance. However,
the analysis of the proposed antenna indicates that it has a
significant gain of 3.27 dB at 4.5 GHz.
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(a)

(b)

Figure 5: Simulated gain at 4.5GHz (a) Radiation patterns
(b) 3D gain.

4 Conclusion

This study focused on investigating A dual band antenna
design based on fractal geometry. The antenna was based
on the Sierpinski carpet fractal and was intended for use
in wireless applications. Specifically, it was designed for
use in both C-band and X-band applications. The simula-
tion of the proposed antenna is carried out using the High-
Frequency Structure Simulator (HFSS). In light of the sim-
ulation outcomes, it has been demonstrated that the fractal

antenna has the capability to resonate at three distinct fre-
quencies specifically, 4.88 GHz at -19.88 dB, 9.62 GHz
at -15.07 dB, and 10.03 GHz at -26.65 dB, all of which
display a radiation behavior that is appropriate for the in-
tended application.

References

[1] O. Ahmed, R.H. Thaher, S.R. Ahmed, Design and
fabrication of UWB microstrip Antenna on differ-
ent substrates for wireless Communication system, in
2022 International Congress on Human-Computer
Interaction, Optimization and Robotic Applications
(HORA) (IEEE, 2022), pp. 1–4

[2] B.S. Dhaliwal, Fractal Antenna Design using Bio-
inspired Computing Algorithms (Bentham Science
Publishers, 2023)

[3] W. Alshaibani, I. Shayea, R. Caglar, J. Din, Y.I.
Daradkeh, Sensors 22, 6013 (2022)

[4] T. Nahar, S. Rawat, Wireless Personal Communica-
tions 129, 1585 (2023)

[5] C. Wu, C.F. Lai, Computer Communications 181,
374 (2022)

[6] N. Gupta, J. Saxena, K.S. Bhatia, Neural Computing
and Applications 32, 7153 (2020)

[7] P. Muthusamy, G. Susheel, N.V. Devi, K. Praneeth,
Isolation Enhancement of Fractal Structure MIMO
Antenna for 5G Wearable Device Applications: De-
sign and Analysis, in 2023 IEEE Wireless Antenna
and Microwave Symposium (WAMS) (IEEE, 2023),
pp. 1–6

[8] S.S.M. Chung, S.C. Tuan, Prog. Electromagn. Res.
B 92, 193 (2021)

[9] Y. Cai, G. Cheng, X. Ren, J. Wu, H. Ren, K. Song,
Z. Huang, X. Wu, Progress In Electromagnetics Re-
search C 116 (2021)

[10] P. Kumar (2023)
[11] S. Tutor, K. Siakavara (????)
[12] P. Bora et al. (2022)
[13] S. Attioui, A. Khabba, J. Amadid, K.F. Alhadar,

Z. El Ouadi, L. Wakrim, S. Ibnyaich, A. Zeroual,
Fractal Antenna Design using Giuseppe Peano and
Sierpinski Carpet for Multiband Applications, in
2023 IEEE 3rd International Maghreb Meeting of the
Conference on Sciences and Techniques of Automatic
Control and Computer Engineering (MI-STA) (IEEE,
2023), pp. 713–717

4

ITM Web of Conferences 69, 04001 (2024)	 https://doi.org/10.1051/itmconf/20246904001
MAIH2024


